A b s t r a c t Pollen collected from flowers by forager bees is the only natural protein source for the hive. This nutritional compound is fundamental for the nurse bee and brood development, and for the queen activity. Pollen has a strong influence on colony health. It is also known that the pollen quality, in terms of the amino acid profile and total protein content, varies significantly according to the floral origin. For this reason, the palynological diversity assessed in corbicular pollen is a good measure of the quality of the environment the bees live in, in terms of available food. An international research initiative "C.S.I. Pollen" aims to elaborate a pollen diversity map for all of Europe, carried out by beekeepers. Chromatic assessment of pellet colours will be used as a method. In our study, we wanted to validate this idea, through the comparison between the two methods: chromatic assessment of the diversity of pollen pellet colours and palynological assessment of the real pollen type diversity. In other words, we wanted to verify whether the pellet-colour profile reflects the palynological one. We found a significant correlation between results obtained from the two methods but some improvements are also proposed in order to increase the determination coefficient and to reduce the differences given by the two answers.
INTRODUCTION
Pollen is the main source of proteins, amino acids, minerals, fats, starch, sterols, and vitamins for a honey bee (Apis mellifera L.) colony (Stanley & Linskens, 1974; Herbert, 1992) . The chemical composition of pollen varies considerably with the floral origin (Auclair & Jamieson, 1948; Roulston, Cane & Buchmann, 2000) and has important impacts on colony health. Pollen ingestion is necessary to develop different organs and tissues in adult bees (Haydak, 1970) such as fat bodies, ovaries, and hypopharyngeal glands. Moreover protein consumption rate is reported to be associated with adult bee longevity (Brodschneider & Crailsheim, 2010) . Pollen is also important at the colony level because the quality of royal/worker jelly depends on the nurse bees' diet. Consequently, the latter may have a relevant impact on the morphology, behaviour, and physiology of all individuals (Brodschneider & Crailsheim, 2010) , and accordingly on the quality of the pollination service (Scofield & Mattila, 2015) . Pollen Diversity assessment of bee collected pollen nutrition also affects honey bee tolerance to some pathogens (Rinderer, Rothenbuhler & Gochnauer, 1974; Degrandi-Hoffman et al., 2010) . Survival and development of honey bee colonies, which are naturally associated with the availability of floral sources (notably pollen), depend in a relevant way, on the environmental management (Di Pasquale et al., 2013) . Honey bees are commonly considered to represent the category of insect pollinators, because they occupy the same ecological niche. So, the former statement is also valid for the conservation of wild pollinators. The negative influence of low pollen quality in other bee species, like Bombus terrestris L., was also confirmed directly (Baloglu & Gurel, 2015) . The alteration of natural and semi-natural habitats, due to the development of intensive agriculture, produces two serious risks to bee nutrition: limited availability and low quality of pollen. The weed control and the loss of spontaneous plants lead to the reduction of pollen diversity and its availability periods. Moreover, humans obtained modern cultivars to intensify crop production, but the nutritional quality of pollen was not taken into account. Intensive agriculture is also an important source of toxic pollutants which the bees must deal with. The low nutritional quality of pollen, as well as its limited availability, may act as important factors negatively influencing bee resistance to pesticide intoxication (Schmehl et al., 2014) . The protein content in hand-collected pollen from flowers ranges from 2.5% to 61% (Roulston, Cane & Buchmann, 2000) . The floral origin also influences the amino acid profile of pollen. In some cases, the latter may be inadequate compared to the nutritional requirements of honey bees. Among the ten essential amino acids, tryptophan (Weiner et al., 2010) and isoleucine (Somerville & Nicol, 2006) , are often deficient in pollen, thus limiting colony development (de Groot, 1953) . Furthermore, some pollen types collected by honey bees are known to be toxic to bees (Stanley & Linskens, 1974; Roulston & Cane, 2000) . It is possible to hypothesise that when the pollen availability is limited to those species, it can have negative effects on bees. A multifloral pollen diet is generally considered better than a monofloral one. In the former the risk of a lack of essential amino acids is lower and the effects of eventual toxic or suboptimal pollens are balanced by the presence of favourable ones (Eckhardt et al., 2014) . Moreover, Alaux et al. (2010) found that a mixed pollen diet has a positive impact on the colony immunocompetence. Renzi et al. (2016) exposed bees to sub-lethal concentrations of thiamethoxam, and observed that those bees fed with a low pollen-diversity and proteincontent diet developed smaller and irregular acini of the hypopharyngeal glands than the well-fed group. A polyfloral pollen diet may increase the lifespan of nurse bees infected with Nosema ceranae (Di Pasquale et al., 2013) . The importance of pollen diversity for solitary bees was also demonstrated. Haydak and Levin (1957) studied the larval diet of Osmia lignaria and found that in some cases pollen from only one plant species was not sufficient for complete development. Tasei and Masure (1978) investigated the factors affecting the larval development of Megachile pacifica and found that when the larvae were fed with a monofloral pollen diet, the development was slower than when they were fed with a bifloral one. Summarising, the diversity of available pollen can be considered a good estimator of the quality of the environment; an environment intended as trophic source for bees. Considering the impact of the pollen diet on bee health, nutritional stress is one of the most relevant cofactors of CCD -Colony Collapse Disorder (Naug, 2009). Starvation and poor nutrition were indicated by US beekeepers, as two of the main causes of bee death (Van Engelsdorp et al., 2008) . It is important to activate a large-scale monitoring survey of pollen availability and quality. To do it with the pure scientific criteria, an important financial investment would be necessary to support the apiary setting, the sample collection, and the chemical and palynological analyses. The international research initiative C.S.I. Pollen project, in the framework of the COLOSS group (www. coloss.org), proposed an inexpensive way to investigate, throughout Europe, the diversity of pollen sources available to honey bees. It engages beekeepers as citizen scientists for the assessment of the chromatic diversity of collected corbicular pollen samples (Coloss, 2015) . In addition to the scientific value of the project, the social aspect must also be mentioned. This aspect consists in intensifying the contact between scientists and beekeepers (i.e. local stakeholders). In 2014 and 2015, there were 465 and 585 participants, from 24 and 27 countries of the northern hemisphere, respectively (Brodschneider, Kalcher-Sommersguter & van der Steen, 2016) . The project assumes that the pollen chromatic diversity reflects the real floral diversity resulting from palynological analysis. In addition, the project assumes that the chromatic assessment carried out by beekeepers is comparable to the one observed by an expert in palynology. The first assumption may be in conflict with the not univocal association between colour and floral origin of pollen. The second assumption could prove problematic since there is a natural different perception of colours within a colournormal population (Asano et al., 2016) . The objective of the present study was to validate the first of the main assumptions of the C.S.I. Pollen method, i.e. that the pellet colour diversity is a good estimator of the real diversity of bee-collected pollen. To achieve this aim we proceeded by steps. First we compared the diversity of the pollen pellet colours with the diversity of the palynological profiles of the same samples to verify whether the two methods gave the same answer. Then we checked whether the results given by the two methods were at least correlated. To reduce the data variability and exclude error due to the subjective colour perception in different individuals, a laboratory chromatic assessment of all the samples was carried out by the same palynological specialist who was highly capable at distinguishing different pollen pellet colours. 
Diversity assessment of bee collected pollen

MATERIAL AND METHODS
An experimental apiary located in the Italian region of Liguria, Genoa Province, was identified. The site (Rapallo; lat: 44.3667N; long: 9.2166E) was chosen based on its high environmental diversity and richness, and the availability of pollen samples during the whole season. These factors allowed us to obtain both samples characterised by high and low palynological diversity. This suburban area was composed of mixed (deciduous and coniferous) forests, olive groves, home gardens, parks, and "green spaces" with ornamental plants. Three healthy and queen-right hives (signed "a", "b", and "c") were chosen and equipped with pollen collection traps installed on the flight board. Corbicular pollen was collected from the traps, of each hive separately, between April and September 2015, following the C.S.I. Pollen protocol (C.S.I. Pollen Manual, 2015) . The sampling dates are reported in Table 1 . From each pollen pellet sample, a 10g aliquot was randomly withdrawn and delivered to the CREA-API (Bologna, Italy) laboratory. It was divided into single-colour groups and the number of pollen pellets belonging to each group was counted by the specialist in the lab. A standardised colour palette ( Fig. 1) was elaborated based on the palynologist's experience and previous publications (Hodges, 1952; Kirk, 2006) . The colours were chosen so that each pollen pellet could be linked to a corresponding colour in the palette, even if this correspondence was not always exact. The palette was then printed in high quality to reduce the potential error due to different visualisation of colours by PC screens. Subsequently, per each sample, the colourgroups were merged again, and powdered. Then, 2g of pollen dust were dispersed in 50mL of distilled water. The palynological analysis was carried out on aliquots of 0.01mL of this suspension. At least 1,000 grains for each slide were counted according to von der Ohe et al. 1989) , were then converted to the volumetric ones to reflect real pollen mass instead of grain numbers (da Silveira, 1991) . For this purpose, a database of average pollen grain volumes was produced based on the grain dimensions reported by the Ponet database (Ages, 2016) . Per each corbicular pollen sample, we obtained: 1) the pellet colour spectrum, and 2) the volumetric palynological profile.
Statistical analysis
The Shannon-Wiener diversity index (H') was calculated separately for both datasets (i.e. colour and palynological spectra). The two groups of the H' index values (chromatic vs palynological) were compared using the Wilcoxon matched pairs test. Moreover, separately for each sample, the statistical comparison between the two index values was carried out applying the t-test. For this purpose, the method described in Magurran (1988) , based on the procedure introduced by Hutcheson (1970) , was followed. In each sample, the total number (S) of pollen pellet colours, as well as the number of observed pollen types, were noted. The statistical difference between the two variables were assessed with the Wilcoxon matched pairs test. Finally, for the diversity indexes and total colour numbers, the Pearson correlation between the chromatic and palynological data was investigated as well. The Wilcoxon test and the Pearson correlation analysis were carried out using Statistica © (StatSoft Italia srl., 2005).
RESULTS
In the analysed samples, a total number of 90 palynological types and 28 pellet colours (out of 30 colours considered in the palette) were found overall. The number of colour/palynological types (S) and the values of Shannon-Wiener index (H'), as well as the pairwise comparison results, are reported in Table 1 . It is easy to notice that the difference in the diversity index values between chromatic and palynological assessment results was almost always significant. By processing the entire data set, the results clearly show that there was no statistical difference in the H' values between the two ways of diversity assessment, even if the mean number of types (S) was significantly different (Table 2) . When analysing the Pearson correlation between the data obtained through the pellet colour assessment and the palynological analysis, in terms of the number of types (S) and the Shannon-Wiener diversity index (H'), we can observe in both cases, a significant correlation (p<0.05) and a coefficient of determination (R 2 ) around 0.5 (Figs 2 and 3) . The index conversion formulas are also proposed (regression formula). These should be useful when we have the results of the chromatic assessment of pollen pellet colour-diversity, and when we need to foresee the real diversity of pollen types without carrying out a palynological analysis. Nevertheless, these formulas were elaborated based on 19 analysed samples only. To give the formulas more reliability and statistical strength, this study should be followed by other studies with similar objectives. More such studies would significantly increase the dataset and strengthen the conclusions. Diversity assessment of bee collected pollen (Table 2) , it might be noticed that the values of the Shannon-Wiener index (H') calculated for the palynological analyses didn't differ significantly from the same index calculated for the chromatic profiles of pollen pellets. This might lead to a false conclusion that the chromatic assessment could serve as a good estimator of the real pollen diversity in the analysed samples. It is important to note, that applied statistics (in this case Wilcoxon matched pairs test) cannot "recognise" the nature and structure of the compared variables. In fact, when the same comparison was carried out separately for each pair of data using the specific t-test, designed appropriately for the comparison of two H' indexes (chromatic vs palynological diversity), in 17 out of 19 analysed samples (i.e. 89%), it turned out that the difference between the two assessment methods were statistically significant (Table 1) . Also, the total number of observed pellet colours in the overall analysis was significantly different from the total number of palynological types. The correlation between the results obtained by the two methods was statistically significant. But the level of the coefficient of determination (R 2 ) does not allow us to make statements about a very strong relationship between the two variables. We can assert, that the chromatic assessment of pollen pellets' diversity, when carried out by an expert with a "sensitive eye", can be a good tool, useful for the estimation of the real diversity of palynological types that bees have access to. This means that the basic idea of the C.S.I. Pollen initiative seems to be built on a solid basis. Nevertheless, important improvement would be desirable to enhance the reliability of this method. We identified two principal aspects to be discussed and studied in future research work.
1. Coefficients of correction for each pellet colour It is evident that the number of different pellet colours does not correspond to the number of palynological types. In fact, it is known that flowers from different plant species may give pollen pellets of the same colour, and also that flowers of one plant species may give pollen pellets of different colours (Simonetti et al., 1989) . It is also clear that the number of palynological types corresponding to one pellet colour is not fixed but changes according to the colour. For this reason, a hypothetical situation where we have observed yellow, orange, green, and ochre pellets (which normally correspond to a high number of different flower species) will have a completely different meaning than another one with violet, black, light-pink, and blue pellets (each of these colours corresponding to a few species), even if in both cases the total number of colours was 4. It is clear that the former sample may be characterised by a definitely higher palynological diversity than the latter. A database of colour correction ratios would complete the C.S.I. Pollen method and make it more reliable. To discuss some real examples, in our study the sample S5 presented only 2 pellet colours (gold -Col. 16 and orange -Col. 17), but the palynological analysis discovered 8 pollen types exceeding 1% of a total pollen mass. Seven of those 8 correspond to the two mentioned colours. This different response given by the two assessment methods was also seen in the H' values (see Table 1 ). On the contrary, the sample S18 was composed completely of Hedera sp. (>99%) but two pellet colours were identified in an almost equal quantity: salomie -Col. 12 and orange -Col. 17. This means that both colours are characteristic of this botanical species. The sample S9 is a rare example of direct correspondence between pellet colour and pollen botanical origin. No yellow nor orange pellets were identified and each of all the 4 colours could be directly related to one of the palynological types. Therefore, we propose a specific study aimed to elaborate a list of correction ratios per different pellet colours to reduce the error given by the unequal number of floral species corresponding to different colours. We think that by applying these ratios, the correlation between the Diversity assessment of bee collected pollen chromatic and palynological data will reach a high level and the pairwise difference between diversity indexes calculated with the two methods will be reduced.
2. Individual differences in colour perception and improvement of thresholds for the definition of abundance categories The C.S.I. Pollen project is not based on chromatic assessment carried out by a specialist, but on a simplified method applied by the beekeepers, who take care of the apiaries. It would be wise, though, to validate the other phases of the method (the beekeepers' visual assessments, the thresholds for the attribution of colour abundance categories).
Summarising, we consider the C.S.I. Pollen programme to be an interesting tool, based on a reliable method. The programme has the potential of providing huge amounts of data with a minimum of expense. Also the social aspect of the entire initiative cannot be ignored. Nevertheless, to improve the quality of the results obtained through this project, a number of improvements would be necessary. 
